Abstract-A compact design of a single feed circularly polarized microstrip antenna for RFID applications is proposed. This structure fabricated on FR4 substrate offers an area reduction of 10%, minimum axial ratio of 0.5 dB, axial ratio bandwidth of 116 MHz ( 5%) with a broadside radiation characteristic in the entire band and a gain of 4.9 dBi, 10dB impedance bandwidth of 5.4% (130MHz) at a resonant frequency of 2.4168 GHz. The structure is suitable for RFID reader antenna applications.
I. INTRODUCTION
In order to overcome the misidentification of targeted objects by RFID readers, circularly polarized (CP) single feed microstrip patch antennas are widely employed in RFID systems [1] . For designing a single feed CP microstrip antenna, various perturbation methods are reported [2, 3, and 4] . A circular patch antenna with central elliptical slot is reported in [5] . Comparing the performance of the antenna in [5] , the proposed antenna offers better CP characteristics.
In this work, a novel microstrip patch antenna -12 sided polygon (dodecagon) shaped patch -with the perturbation technique of embedding a central elliptical slot, for exciting CP radiation designed for the 2.45 GHz band is proposed. The structure exhibits good impedance matching, gain, and circularly polarized radiation characteristics over the entire operating band.
II. ANTENNA GEOMETRY
The proposed antenna geometry consists of regular dodecagonal patch with a central elliptical slot, fabricated on FR4 substrate which has a dielectric constant 4.4, thickness 1.6 mm and a tan δ=0.02. As depicted in Fig. 1 , the elliptical slot is situated on the centre of the patch oriented along the X axis. The dimensions of the elliptical slot are designated as 'b' the major radius (base radius), the secondary radius 'c' and the aspect ratio 'k' the ratio of 'c' to 'b'.
In this work an elliptical slot is chosen as the detuning element to split fundamental TM 11 mode to two orthogonal modes TM 01 and TM 10 [5] . The structure of the ellipse is found to be suitable to split the fundamental mode. The antenna is excited through co-axial probes at the feed location X to give circularly polarized electromagnetic radiation in the clockwise direction, i.e., Right Handed Circular Polarization (RHCP) and at the feed location Y to radiate electromagnetic waves with opposite sense of polarization, i.e., Left Handed circular Polarization (LHCP). The co-axial probe feed point for RHCP antenna is the mirror image as that for LHCP antenna with respect to the centre of the patch. The feed point is chosen along the locus of 50Ω characteristic impedance and is adjusted for good matching. The choice of feed location and the dimensions of the slot are important as far as the CP radiation is considered.
III. DESIGN
In order to design the dodecagonal patch antenna, the design of the circular patch antenna is considered, as the two antennas are closely related to each other [3] . By equating the areas, the edge of the regular hexagon 'a' may be found out from
Where 'a' is the side length of the regular dodecagon and r e is the effective radius of the circular patch. The central elliptical slot has two effects, the reduction of resonant frequency by increasing the electrical length and the other is its behavior as the detuning element to split the TM 11 mode. By selecting the proper slot dimensions and feed location, the two degenerate modes can be made to be equal in amplitude and a phase difference of 90 0 between them, results in circular polarized radiation [5] .
By selecting appropriate dimensions for the slot, the two degenerate mode frequencies are made nearly equal. The overall dimension of the antenna is also thus reduced. However it is demonstrated in [5] that with annular shapes it is possible to enhance the bandwidth because less amount of energy is stored beneath the patch metallization and lower quality factor 978-1-4673-9536-6/15/$31.00 ©2015 IEEE therein. The central slot thus introduces annular effect and thereby enhanced bandwidth. The edge of the dodecagonal patch is designed for a resonant frequency of 2.687 GHz. Due to the central slot the resonant frequency is reduced to 2.4168 GHz and thus the overall dimension is reduced by a factor of 10%.
IV. RESULTS AND DISCUSSION
Using the computed parameters, the antenna was simulated using Ansys HFSS 13.0 and then tested using ZVB20 vector network analyzer. Optimum feed point was chosen for the best impedance matching of the antenna. The measured and simulated reflection characteristics of the proposed antennas at the co-axial feed point X are plotted in Fig.3 . The fundamental resonant frequency of the antenna without slot is 2.687 GHz, whereas with slot the simulated resonant frequency is 2.45 GHz.
The measured return loss is 39dB and 10dB impedance bandwidth is 5.4 %( 130 MHz) at 2.4168 GHz.
A parametric study is conducted by varying the parameter k. It is observed that when k exceeds 0.08 circular polarization radiation is exhibited. The CP radiation at k = 0.15 is confirmed from the simulated axial ratio graphs shown in Fig.  4 , where the necessary criterion for CP, the axial ratio < 3 dB is satisfied. For k= 0.15, the least simulated value of axial ratio = 0.38 dB is obtained and the measured value of axial ratio is 0.5dB (116 MHz-5% ARBW).
The surface current distribution of RHCP antenna simulated at the centre frequency 2.45 GHz is plotted in Fig. 5 Measured and simulated bore sight radiation patterns of RHCP and LHCP antennas are depicted in Fig. 6 .
The sensitivity to fabrication tolerance is also studied [6] . As the uncertainties due to the manufacturing tolerance are known a priori, change in resonant frequency due to a change of 0.01% in 'a' is 0.01%, neglecting the effect of tolerance in the non uniformity of substrate thickness and variations in ε r .
V. CONCLUSION
A novel design of a single feed circularly polarized elliptical slotted regular dodecagonal patch antenna has been designed, simulated and experimentally investigated. The central elliptical slot perturbation method and the choice of dodecagon shape for the patch yields better circular polarization characteristics.
Experimental results confirm its appropriateness for RFID applications in the 2.45 GHz band. 
